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Introduction
The tendency to underestimate the future value of a variable growing at a constant rate, an example of exponential growth bias, has been linked to household financial decision making. More biased households borrow more and save less, and are less likely to invest in stocks (Stango and Zinman, 2009 ).
Financial literacy, a broad measure including the ability to perform basic calculations as well as familiarity with financial products and concepts, also affects these decisions. Less financially literate households borrow more (Lusardi and Tufano, 2009; Agarwal et al, 2009 ), save less (Lusardi and Mitchell, 2007) , and are less likely to participate in the stock market (Banks and Oldfield, 2007; van Rooij et al, 2007 , Christelis et al, 2010 .
If exponential growth bias is correlated with financial literacy, measuring its effect on financial decisions will generate biased estimates if financial literacy is not controlled for in an adequate way. Previous research has used proxy measures such as ATM use (Stango and Zinman, 2009) or self-assessed knowledge (Eisenstein and Hoch, 2009 ).
In this paper we examine the link between exponential growth bias and financial literacy, using a nationally representative sample of Swedish adults.
This paper contributes to the literature by being the first to examine this relationship using standard measures of financial literacy, and by including separate measures for basic and advanced financial literacy.
Our main finding is that exponential growth bias, as defined in Stango and Zinman (2009) , is negatively correlated with standard measures of financial literacy. This indicates that examinations of the relationship between exponential growth bias and household financial decisions without including adequate controls for financial literacy is likely to generate biased results. Moreover, basic and advanced financial literacy have distinct effects. Controlling for one but not the other is thus still likely to generate biased results.
Data
Our data is from the 2010 consumer survey commissioned by the Swedish Financial Supervisory Authority. The data was collected through a telephone survey of an independent random sample of approximately 1,300 Swedish residents that are representative of the adult population. For more details, see Almenberg and Widmark (2011) .
The survey contains two sets of questions measuring financial literacy that are described in detail in Almenberg and Widmark (2011) . The first set measures basic financial literacy, essentially the ability to perform basic calculations. These six questions have been used in the English Longitudinal Study of Ageing (Steel et al, 2003, Banks and Oldfield, 2007) and in the US Health and Retirement Survey (Lusardi and Mitchell, 2007; McArdle et al, 2009 ). The second set of questions measure advanced financial literacy, in particular familiarity with financial products and concepts. These six questions are largely based on the financial literacy questions designed by Annamaria Lusardi and Olivia Mitchell for the HRS and the ALP (see Mitchell, 2006 and .
The survey also included a question measuring exponential growth bias. Participants were asked to guess the future value of an investment of 100 SEK growing at a compound rate of 7 percent a year for 30 years. 1 This is standard way of eliciting exponential growth bias (see Eisenstein and Hoch, 2009 ). Survey participants were not expected to try to calculate the answer but simply to make a guess regarding the future value. If exponential growth bias is prevalent, more individuals will underestimate the future value than overestimate it.
Results
The respondents in our sample clearly display exponential growth bias. The correct answer to question about compound growth is 761, whereas the median answer is 410. The respondents are almost twice as likely to underestimate the correct amount than to overestimate it (62 versus 38 percent). 49 percent of the total sample provided an answer to the exponential growth question. Men and individuals with higher education are slightly overrepresented, but the differences are small so the subsample that provided an answer is assumed to be reasonably representative.
Following previous research on exponential growth bias we can express the bias in terms of the parameter θ in the following equation:
(1) FV=PV*(1+i)
The distribution of responses in terms of the parameter θ is summarized in Figure 1 . The flat line between the 6 th and the 8 th decentile represents individuals that linearized the task, thus estimating FV=PV*(1+i*t) instead of FV=PV*(1+i) t , a result in line with Eisenstein and Hoch (2009) .
Figure 1
Distribution of responses Stango and Zinman (2009) report that among individuals who underestimate the future value, i.e. with θ in the range (0,1), the magnitude of the bias is correlated with a number of household financial decisions, such as borrowing more and saving less.
We hypothesize that individuals who display larger future value bias will also have lower financial literacy. If this is the case, failing to control adequately for (basic and advanced) financial literacy may generate biased estimates. We test our hypothesis by regressing θ on two measures of individual financial literacy. The model has the following form:
(2) The spearman correlation coefficient for exponential growth bias and basic (advanced) financial literacy is -0.15 (-0.11). Both are significantly different from zero at the 5 percent level. Table 2 summarizes the regression results. The key result is that both basic and advanced financial literacy are negatively correlated with exponential growth bias also when including other covariates.
Columns (1) and (2) show that basic and advanced numeracy have separate and distinct effects: omitting one has little effect on coefficient for the other. Column (3) is the same as (4) except without controlling for education and income. Including these controls has little effect on the coefficients on the two financial literacy measures. In Column (5), we include a dummy variable for one of the basic questions because it involves a two-period compound interest calculation, and hence is related to the question eliciting exponential growth bias. The coefficient on the number of correct answers remains essentially unchanged, but the standard error increases. This indicates that the correlation between basic financial literacy and exponential growth bias is not driven by the ability to calculate easier compound interest questions. Table 2 OLS regression with the exponential growth bias (θ) as dependent variable, where 0 ≤ θ ≤ 1.
(1) Our results are robust to a number of alternative specifications, e.g. exponential or logarithmic transformations of the dependent variable, including missing values for θ, or using a tobit model. These specifications produce qualitatively similar results.
Conclusion
We show that among individuals that underestimate the future value of a variable that grows exponentially, the magnitude of this bias is negatively correlated with standard measures of both basic and advanced financial literacy.
The recent work by Stango and Zinman (2009) has opened up a promising avenue for research linking exponential growth bias to household finance. The reported links are similar, however, to those between (low levels of) financial literacy and economic decision making. Our results emphasize the importance of including adequate controls for both basic and advanced financial literacy. Failure to include such controls is likely to generate bias, most likely in the form of overstating the effect of exponential growth bias on financial decision making.
